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© An object image obtained through an image pic- 
kup lens is opto-electrically converted by an image 
pickup device (3) to obtain an electric signal. From 
the electric signal, an image signal is generated in 
an image pickup process circuit (4). A focal signal 
detecting circuit (5) has a vertical focal signal detect- 
ing circuit (7) for arithmetically calculating a vertical 
focal signal (VF1 ) from a change of the image signal 
in a vertical direction to a scanning line direction and 
a horizontal focal signal detecting circuit (6) for arith- 
metically calculating a horizontal focal signal (HF1) 
from a change of the image signal in a scanning line 
direction. A lens controller (16) indicates a position 
of a lens to a lens driving circuit (17,18) by a focal 
signal outputted from the focal signal detecting cir- 
cuit. According to the indication of the lens control- 
ler, the lens driving circuit moves a focus adjusting 
lens along an optical axis and then carries out focus 
adjustment. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to an automatic 
focus adjusting device for focusing an image of an 
object automatically to the most appropriate focus- 
ing position, when adjusting a focus of a video 
camera. 

2. Description of Prior Art 

The automatic focus adjusting device is used 
for various cameras such as video cameras, still 
cameras, and the like, and various systems such 
as distance measuring systems which make use of 
infrared radiation, phase difference detecting sys- 
tem, and the like. 

The video cameras adopt a method using an 
image signal system which carries out focus ad- 
justment by use of a change in luminance signal 
(hereinafter called as "contrast"), the details of 
which are described, for instance, in the paper, 
"Automatic focus adjustment for video camera by a 
climbing servo system" ("NHK Technical Research 
Report, Vol. 17, No. 1, Page 21; written by Ishida et 
al, published in 1965). 

The image signal system requires no optical 
system for focus adjustment, but leads fine adjust- 
ment. It has, however, following problems; 

(1) When carrying out focus adjustment with a 
focal signal conducted by such an arithmetic 
operation as differentiation or the like of the 
image signal, the image signal is continuous in a 
horizontal direction, and only the information of 
contrast in the horizontal direction of the object 
is extracted, so that it is difficult to extract focal 
signals in accordance with the focusing con- 
dition for an object having contrast in a vertical 
direction. 

(2) A method to make continuous signals in the 
vertical direction through use of a line memory, 
carry out an arithmetic operation of differenti- 
ation with the signals, and extract the contrast in 
the vertical direction is proposed in USP 
4,975,726, but the use of line memory makes 
the hardware inevitably larger in size. 

SUMMARY OF THE INVENTION 

An object of the present invention is to extract 
focal information of an object having contrast only 
in a vertical direction. 

In order to achieve the above object, an auto- 
matic focus adjusting device of the present inven- 
tion comprises: an image pickup lens containing a 
focus adjusting lens, an image pickup device for 
opto-electically converting an object image ob- 



tained through said image pickup lens to obtain an 
electric signal; an image pickup processing circuit 
for outputting an image signal, by processing said 
electric signal obtained from said image pickup 

5 device; a focal signal detecting means for arithmet- 
ically calculating a focal signal which corresponds 
to focusing condition of said image pickup lens 
from said image signal; a lens drive means for 
carrying out focus adjustment by moving said fo- 

10 cus adjusting lens along an optical axis of said 
image pickup lens; and a lens controller responsive 
to said focal signal for indicating to said lens driv- 
ing means a target position to which said focus 
adjusting lens is to be moved, wherein said focal 

75 signal detecting means comprises a horizontal fo- 
cal signal detecting means for arithmetically cal- 
culating a horizontal focal signal from a change of 
said image signal in a scanning line direction and a 
vertical focal signal detecting means for arithmet- 

20 ically calculating a vertical focal signal from a 
change of said image signal in a vertical direction 
perpendicular to said scanning line direction. 

With the structure as mentioned above, the 
present invention allows focusing based on the 

25 signals from said vertical focal signal detecting 
means for extracting contrast in the vertical direc- 
tion of the object having contrast only in the verti- 
cal direction to the scanning lines, and also allows 
automatic focus adjustment with high accuracy by 

30 means of simple hardware. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a block diagram of an automatic 
35 focus adjusting device of a first embodiment of the 
present invention. 

Fig. 2 shows an example (when an object is in 
focus) of an object being made to focus by the 
automatic focus adjusting device of the first em- 
40 bodiment of the present invention. 

Fig. 3 shows an example (when an object is 
out of focus) of an object being made to focus by 
the automatic focus adjusting device of the first 
embodiment of the present invention. 
45 Fig. 4 shows a block diagram of an automatic 

focus adjusting device of a second embodiment of 
the present invention. 

Fig. 5 shows an example (when an object is in 
focus) of an object being made to focus by the 
50 automatic focus adjusting device of the second 
embodiment of the present invention. 

Fig. 6 shows an example (when an object is 
out of focus) of an object being made to focus by 
the automatic focus adjusting device of the second 
55 embodiment of the present invention. 



2 



BNSDOCID: <EP 060601 8A1_1_> 



3 



EP 0 606 018 A1 



4 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Description of embodiments of an automatic 
focus adjustment device of the present invention 
follows below, with reference to drawings. 

Fig. 1 shows a block diagram of a first embodi- 
ment of the present invention. In the figure, nu- 
meral 1 represents an image pickup lens, com- 
posed of 2 sets of lenses (Each set of lenses is 
shown in such a manner that they are composed of 
one concave lens and one convex lens for conve- 
nience' sake, but in practice they are composed of 
a plurality of concave lenses and convex lenses. In 
this drawing, they are shown as a convex lens 1a 
and a concave lens 1b, respectively). An image of 
an object 2 is inputted into a CCD 3 through the 
image pickup lens 1. An image pickup processing 
circuit 4 outputs a certain image signal (for exam- 
ple, NTSC signal) CO by carrying out various signal 
processing to electric signals obtained from the 
CCD 3. 

A focal signal detecting circuit 5 carries out 
arithmetic operation of focal signals which cor- 
responds to a focusing condition of the image 
pickup lens 1 at a field cycle by a luminance signal 
Y which is outputted from the image pickup pro- 
cessing circuit 4, and has a horizontal focal signal 
detecting circuit 6 which extracts contrast in a 
horizontal direction and a vertical focal signal de- 
tecting circuit 7 which extracts contrast in a vertical 
direction. 

The horizontal focal signal detecting circuit 6 
comprises a band amplifier 8, a gate 9, and a peak 
detector 10. The band amplifier 8 extracts compo- 
nent (hereinafter called as "high frequency compo- 
nent") which has higher frequency than a certain 
frequency among the luminance signal Y and then 
amplifies the high frequency components. These 
operation in the band amplifier 8 correspond to 
extraction of the high frequency component in the 
horizontal direction of the luminance signal Y. The 
gate 9 lets a part of the luminance signal Y pass 
therethrough only in a predetermined range (nor- 
mally in a central area of a screen) among the high 
frequency component of one field. The peak detec- 
tor 10 maintains a maximum value of an output of 
the gate 9 in one field. An output of the peak 
detector 10 is obtained as a focal signal HF1 in the 
horizontal direction. 

The vertical focal signal detecting circuit 7 
comprises a horizontal gate 1 1 , a one line adder 
12, a band amplifier 13, a gate 14, and a peak 
detector 15. The horizontal gate 11 lets a part of 
the luminance signal Y pass therethrough only in a 
predetermined range (normally in the central area 
of the screen) among one line of the luminance 
signal Y. The one line adder 12 produces an in- 



tegrating signal S by integrating an output of the 
horizontal gate 11 through one line. The integrating 
signal S represents luminance variation in the verti- 
cal direction on the screen. The band amplifier 13 

5 extracts a high frequency component (this compo- 
nent is shown as C) of the integrating signal S. 
This operation in the band amplifier 13 corre- 
sponds to extraction of the high frequency compo- 
nent in the vertical direction of the integrating sig- 

10 nals. The gate 14 lets only the high frequency 
component (this component is shown as CG) in the 
vertical direction of the integrating signal S pass 
therethrough. The high frequency component in the 
vertical direction of the integrating signal S cor- 

75 responds to a certain range in the vertical direction 
of the screen. The peak detector 15 maintains a 
maximum value of an output of the gate 14 in one 
field. An output the peak detector 15 is obtained as 
a focal signal VF1 in the vertical direction. 

20 A lens controller 16 judges an existence of 

contrast in the horizontal direction by an output 
value H of the horizontal focal signal detecting 
circuit 6 to a lens position and if contrast in the 
horizontal direction exists, the lens controller 16 

25 indicates with HF1 next positions of the convex 
lens 1a and the concave lens 1b. While if the 
contrast in a horizontal direction does not exist and 
the lens controller 16 judges contrast in the vertical 
direction being existed by an output value VF1 of 

30 the vertical focal signal detecting circuit 7, the lens 
controller 16 indicates with VF1 the next positions 
of the convex lens 1a and the concave lens 1b to 
be moved. A motor drive 17 outputs a signal for 
driving a motor 18 in order to move the convex 

35 lens 1a to the position indicated by the lens con- 
troller 16. The motor 18 carries out focus adjust- 
ment by moving the convex lens 1b along an 
optical axis of the image pickup lens. Finally, auto- 
matic focus adjustment is carried out by seeking 

40 the positions of the convex lens 1a and the con- 
cave lens 1b at which the HF1 or VF1 becomes 
largest. 

Fig. 2 and Fig. 3 show conditions of the object 
and each signal of the focal signal detecting circuit. 

45 Fig. 2 represents the condition when the object is 
in focus while Fig. 3 represents the condition when 
the object is out of focus. In this case, since there 
is no contrast in the horizontal direction, focusing is 
carried out by use of VF1 instead of HF1. The 

50 integrating signals S appearing after the one line 
adder 12 are shown in each (b) in the figures, 
respectively. From these signals, the high frequen- 
cy components C shown in each (c) in the figures 
are obtained by the band amplifier 13. After the 

55 high frequency components C pass through the 
gate 14 and the peak detector 15, peak values of 
the focal signals VF1 in this field are obtained as 
19 and 20. When comparing the conditions of the 
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objects between in focus and out of focus, the 
condition of the object in focus shows that the focal 
signal from the focal signal detecting circuit has the 
highest value because of a sharp rise in the lu- 
minance signal. Therefore, by making the convex 
lens 1a stop at a position at which the focal signal 
VF1 from the focal signal detecting circuit becomes 
largest through moving the convex lens 1a, ac- 
curate focusing to the object can be attained as 
shown in Fig. 2. 

Fig. 4 shows a block diagram of a second 
embodiment of the present invention. In the figure, 
numeral 21 represents an image pickup lens, com- 
prising 2 sets of lenses (Each set of lenses is 
shown in such a manner that they are composed of 
one concave lens and one convex lens for conve- 
nience* sake, but in practice they are composed of 
a plurality of concave lenses and convex lenses. In 
this drawing, they are shown as a convex lens 21a 
and a concave lens 21b, respectively). An image of 
an object 22 is inputted into a CCD 23 through the 
image pickup lens 21. An image pickup processing 
circuit 24 outputs a certain image signal (for exam- 
ple, NTSC signal) DO by carrying out various signal 
processing to electric signals obtained from the 
CCD 23. 

A focal signal detecting circuit 25 carries out 
arithmetic operation of focal signals which cor- 
respond to focusing condition of the image pickup 
lens 21 at a field cycle by a luminance signal Y f 
which is outputted from the image pickup process- 
ing circuit 24, and has a horizontal focal signal 
detecting circuit 26 which extracts contrast in a 
horizontal direction and a vertical focal signal de- 
tecting circuit 27 which extracts contrast in a verti- 
cal direction. 

The horizontal focal signal detecting circuit 26 
comprises a band amplifier 28, a gate 29, and a 
peak detector 30. The band amplifier 28 extracts 
high frequency component of the luminance signal 
Y*. This operation in the band amplifier 28 cor- 
responds to extraction of the high frequency com- 
ponent in horizontal direction of the luminance sig- 
nal Y\ The gate 29 lets a part of the luminance 
signal Y' pass therethrough only in a predeter- 
mined range (normally in a central area of a 
screen) among the high frequency component of 
one field. The peak detector 30 maintains a maxi- 
mum value of an output of the gate 29 in one field. 
An output of the peak detector 30 is obtained as a 
focal signal HF2 in the horizontal direction. 

The vertical focal signal detecting circuit 27 
comprises a horizontal one pixel gate 31. a band 
amplifier 32, a gate 33, and a peak detector 34. 
The horizontal one pixel gate 31 lets only one pixel 
among signals of one scanning line of the lu- 
minance signal Y* pass therethrough at a predeter- 
mined timing. To let the only one pixel of each 



scanning line pass at the same timing corresponds 
to extraction of one signal U of luminance change 
in a vertical direction to the scanning line. The 
band amplifier 32 extracts high frequency compo- 

5 nent (this component is shown as D) of the one 
signal U of luminance change in the vertical direc- 
tion outputted from the horizontal one pixel gate 
31. The gate 33 lets only the high frequency com- 
ponent of the one signal U of luminance change in 

io the vertical direction (this component is shown as 
DG) pass therethrough. The high frequency com- 
ponent of the one signal U of luminance change in 
the vertical direction corresponds to a certain range 
in the vertical direction of the screen. The peak 

75 detector 34 maintains a maximum value of an 
output of the gate 33 in one field. The output of 
peak detector 34 is obtained as a focal signal VF2 
in the vertical direction. 

A lens controller 35 judges an existence of 

20 contrast in the horizontal direction by an output 
value HF2 of the horizontal focal signal detecting 
circuit 26 to a lens position and if contrast in the 
horizontal direction exists, the lens controller 35 
indicates with HF2 next positions of the convex 

25 lens 21a and the concave lens 21b. While if the 
contrast in the horizontal direction does not exist 
and the lens controller 35 judges contrast in the 
vertical direction being existed by an output value 
VF2 of the vertical focal signal detecting circuit 27, 

30 the lens controller 35 indicates with VF2 the next 
positions of the convex lens 21a and the concave 
lens 21b to be moved. A motor drive 36 outputs a 
signal for driving a motor 37 in order to move the 
convex lens 21a to the position indicated by the 

35 lens controller 35. The motor 37 carries out focus 
adjustment by moving the convex lens 21b along 
an optical axis of the image pickup lens. Finally, 
automatic focus adjustment is carried out by seek- 
ing the positions of the convex lens 21a and the 

40 concave lens 21b at which the HF2 or VF2 be- 
comes largest. (Normally, the timing of the one 
pixel in the scanning line is set in such a manner 
that the one pixel becomes vertical to one line near 
a central area of the screen.) 

45 Fig. 5 and Fig. 6 show conditions of the object 

and each signal of the focal signal detecting circuit. 
Fig. 5 represents the condition when the object is 
in focus while Fig. 6 represents the condition when 
the object is out of focus. In this case, since there 

so is no contrast in the horizontal direction, focusing is 
carried out by use of VF2 instead of using HF2. 
The one signals U of luminance change appearing 
after the horizontal one pixel gate 31 are shown in 
each (b) in the figures, respectively. From these 

55 signals, the high frequency components D shown 
in each (c) are obtained by the band amplifier 32. 
After the high frequency components D pass 
through the gate 33 and peak detector 34, peak 
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values of the focal signals VF2 in this field are 
obtained as 38 and 39. When comparing the con- 
ditions of the objects between in focus and out of 
focus, the condition of the object in focus shows 
that focal signal from the focal signal focus detect- 
ing circuit has the highest value because of a sharp 
rise in luminance signal. Therefore, by making the 
convex lens 21a stop at a position at which the 
focal signal VF2 from the focal signal focus detect- 
ing circuit becomes largest through moving the 
convex lens 21a, accurate focusing to the object 
can be attained as shown in Fig. 5. 

Likewise, applying the above-mentioned auto- 
matic focus adjusting device to video cameras al- 
lows high quality video images to be attained. 

Claims 

1. An automatic focus adjusting device compris- 
ing: an image pickup lens containing a focus 
adjusting lens; an image pickup device for 
opto-electrically converting an object image 
obtained through said image pickup lens to 
obtain an electric signal; an image pickup pro- 
cessing circuit for outputting an image signal 
by processing said electric signal obtained 
from said image pickup device; a focal signal 
detecting means for arithmetically calculating a 
focal signal which corresponds to focusing 
condition of said image pickup lens from said 
image signal; a lens drive means for carrying 
out focus adjustment by moving said focus 
adjusting lens along an optical axis of said 
image pickup lens; and a lens controller re- 
sponsive to said focal signal for indicating to 
said lens drive means a target position to 
which said focus adjusting lens is to be 
moved, wherein said focal signal detecting 
means comprises a horizontal focal signal de- 
tecting means for arithmetically calculating a 
horizontal focal signal from a change of said 
image signal in a scanning line direction and a 
vertical focal signal detecting means for arith- 
metically calculating a vertical focal signal from 
a change of said image signal in a vertical 
direction perpendicular to said scanning line 
direction, and wherein said vertical focal signal 
detecting means comprises an integrating 
means for integrating said image signal in a 
predetermined range within said scanning line 
and a band amplifier for amplifying a compo- 
nent of an output of said integrating means in 
a specific band to obtain said vertical focal 
signal. 

2. A video camera having said automatic focus 
adjusting device as claimed in claim 1. 



3. An automatic focus adjusting device compris- 
ing: an image pickup lens containing a focus 
adjusting lens; an image pickup device for 
opto-electrically converting an object image 

5 obtained through said image pickup lens to 

obtain an electric signal; an image pickup pro- 
cessing circuit for outputting an image signal 
by processing said electric signal obtained 
from said image pickup device; a focal signal 

70 detecting means for arithmetically calculating a 

focal signal which corresponds to focusing 
condition of said image pickup lens from said 
image signal; a lens drive means for carrying 
out focus adjustment by moving said focus 

75 adjusting lens along an optical axis of said 

image pickup lens; and a lens controller in- 
dicating to said lens drive means a target 
position to which said focus adjusting lens is to 
be moved, wherein said focal signal detecting 

20 means comprises a horizontal focal signal de- 

tecting means for arithmetically calculating a 
horizontal focal signal from a change of said 
image signal in a scanning line direction and a 
vertical focal signal detecting means for arith- 

25 metically calculating a vertical focal signal from 

a change of said image signal in a vertical 
direction perpendicular to said scanning line 
direction, and wherein said vertical focal signal 
detecting means comprises an integrating 

30 means for integrating said image signal in a 

predetermined range within said scanning line 
to output a representative signal and a band 
amplifier for amplifying a component of said 
representative signal in a specific band to ob- 

35 tain said vertical focal signal. 

4. A video camera having said automatic focus 
adjusting device as claimed in Claim 3. 
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When an object is in focus 
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